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ABSTRACT 
The preservation of many saline wetlands is hampered by poor knowledge and by agricultural intensification. The 
development of strategies for wetland protection requires delimitation and thematic maps of soils and vegetation. The aim of 
the present study is to characterize the soils of Gallocanta Lake, NE Spain, at the interface of wetlands and agriculture. The 
southern margin of the lake was sampled following changes of vegetation and soil surface color along a transect extending 
from the shoreline to the agricultural plots. Soils have a high carbonate content (35% mean), low gypsum, and are dominant 
medium - coarse in texture. The interface between wetlands and agriculture is characterized by a strong gradient of soil 
salinity (0.4 to 87.0 dS m
-1
) which increases towards the upper horizons. Mg / Ca ratios of up to 8 occur in shoreline profiles. 
Carbonate-rich grey horizons are present in the studied profiles indicating past lacustrine environments at different 
topographic positions outside the current lake floor. Their alternation with detrital materials is evidenced of the mixture of 
lacustrine and fluvial processes due to the water level fluctuations of the playa-lake. Micromorphological features of these 
horizons, together with chemical and textural characteristics, allow the identification of correlatable pedofeatures and 
environmental conditions associated with the hydric changes of the playa-lake. The studied features can be used to diagnose 
hydric soils, to recognize current and relict wetland soils, and to understand the pedogenic processes of these materials. 
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1. Introduction 
Wetlands in developed countries have become increasingly appreciated in the last decades. However, the preservation of 
the saline wetlands in arid regions is often limited because of poor knowledge about their physical and biological 
characteristics, and agricultural pressure. Wetland protection requires their delimitation and thematic mapping based on 
hydrology, soils, and vegetation. Gallocanta Lake (40.98º N -1.51º E), NE Spain, is the largest and best preserved saline lake 
in Western Europe. Catalogued in the Ramsar list from 1994, this playa-lake hosts biological communities adapted to a 
singular hydric regime based on alternating wet and dry periods. Delimitation of Gallocanta Lake for conservation purposes is 
difficult because its borders change with the annual and seasonal water fluctuations. After an agreement between farmers 
and international conservation rules, a delimitation of Gallocanta Lake was recently put under legal protection as a Natural 
Reserve area (1924 ha), which includes the intermittently flooded floor (> 70%) and the vegetation fringes that have been 
shrinking over decades under agricultural pressure. 
The water fluctuations of Gallocanta Lake related with the occurrence of geological periods wetter than present were 
documented in previous geomorphological and hydrological studies (CHE 2002, Gracia 2009, Galván 2011). The water 
fluctuations in the last decades were also reported using remote sensing (Díaz de Arcaya et al. 2005, Castañeda and Herrero 
2009). Soils have been exposed to the water level fluctuations of the playa-lake and to agriculture in the lake surroundings. 
Previous geomorphological photointerpretation at scale 1:20,000 (Romeo-Gamarra et al. 2011) has located the shoreline at 
different times and a rather continuous area with a grey soil surface color extending landward along the southern margin of 
the lake, reflecting a specific soil composition caused by persistent flooding and a vegetation cover that differs from present-
day. 
In this study, we characterize the soils of Gallocanta Lake at the wetland-agriculture interface (including the grey area) in 
the southern margin of the lake and identify macro and micromorphological features associated with the lacustrine 
environments.  
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2. Material and methods 
2.1. Study area 
The southern margin of Gallocanta Lake is bounded by Mesozoic carbonate materials of the Lower Jurassic and the 
Upper Cretaceous, and Quaternary materials produced during Pleistocene and Holocene by a mixture of fluvial and 
lacustrine processes. The underlying bedrock consists of marl and gypsum from Keuper and carbonates from Muschelkalk. 
The almost continuous band of grey soils occurs at the confluence of different geomorphic units: a sequence of fluvial -
lacustrine terraces, a gently sloping playa, and the intermittently flooded playa-lake floor (Romeo-Gamarra et al. 2011). The 
playa hosts halophytes, algal mats, and efflorescences. Some areas are cultivated despite the poor yield. The lacustrine 
sediments include mainly carbonates, with gypsum, halite, and minor hexahydrite and bloedite (Luzón et al. 2007). 
2.2. Sampling 
Soil sampling was performed in October 2009 and 2010. Sampling sites were located along two transects (470 and 1000 
m, respectively) in the southern margin of the lake. The criteria for sampling sites were geomorphology, changes in 
vegetation and soil surface characteristics indicating a gradient in the composition of soils. A total of 46 soil samples were 
collected from seven cores and four pedons. 
The samples were homogenized and sieved to less than or equal to 2 mm-size for the subsequent laboratory analyses. 
Soil salinity was measured using the electrical conductivity of the saturated paste extract and major ions of saturated extract 
were determined by chromatography. Calcium carbonate equivalent (CCE) was measured by gasometry, gypsum content by 
thermogravimetry (Artieda et al. 2006), organic matter (OM) by chromic-acid digestion and spectrophotometry, and particle 
size distribution was assessed by laser diffraction. We prepared selected thin sections (135 by 58, and 58 by 42 mm large) 
after impregnation with a cold setting polyester resin, and we described thin sections following Stoops (2003). 
 
3. Results and Discussion 
3.1. Field characteristics 
The sampled transect ranged ~3.35 m in elevation. The vegetation included prairies of Salicornia, Puccinellia, and 
Limonium near the shore, and prairies of Juncus and Gramineae in the landward fringe. Soils were classified as Typic 
Aquisalid at the shoreline, Typic Epiaquent at the middle position, and Aquic Calcixerept at the highest topographic positions 
in cultivated plots. The soil depth sampled ranged from 30 to 150 cm in the auger holes, and from 90 to 175 cm in the pits. 
The sampling depth was limited by the occurrence of impenetrable horizons and a shallow saline water table. 
3.2. Chemical and textural characteristics 
Soil salinity ranged from 0.4 to 87.0 dS m
-1
, increasing towards the lake and to the upper soil layers. Soils had high 
carbonate content with CCE ranging from 2.9% to 72.2% (35.5% mean). Overall gypsum content was low (up to 4%), locally 
increasing up to 35% at highly saline soils near the shore. Maximum OM was 2.6% in agricultural plots and decreased to the 
shoreline. Sulfate content ranged from 0.8 to 278.9 meq L
-1
, and the Mg / Ca ratio was ~ 8 at some of the upper horizons, 
both of them decreasing with depth and with the distance to the shore.  
Medium- coarse textures were dominant (sandy clay loam and sandy loam), with alternating clayey horizons at middle 
positions in the profile. Clay content ranged from < 1% to 75%. 
3.3.  Lacustrine horizons (LH) identification and micromorphological features 
Lacustrine / palustrine materials were found in all sites along the studied transect. The distribution of LH varied between 
profiles: over all the profile at the shoreline (Ag- 2Cg1-2Cg2), alternating with detrital beds at the playa (Ag and Ag-Bwk-
2Ckg) and at the highest part of the profile located in the agricultural plot (Ap). LH were characterized by the color (chroma ≤ 
3·and value ≥ 6), high CCE (45.3% mean), and the abundance of biological remains such as oogonia and stems of 
Charophyte, shells of Ostracods and aquatic Gastropods, phytolithes, and other features related to biological activity, which 
were especially abundant in subsurface horizons. Alternation of LH with detrital horizons was related with the mixture of 
lacustrine and fluvial processes due to the water level fluctuations of the playa-lake (Gracia, 2009). 
LH showed a calcite-rich groundmass with crystallitic b-fabric. Overall microstructure was high to moderately separated 
granular with a locally gradual transition to high and moderately separated subangular blocky structure. A vughy 
microstructure with channels and chambers was also observed in subsurface horizons. 
Groundmass was characterized by a general homogeneity in composition, constituents and fabric. The limit between 
coarse and fine material was generally set at 20-30 μm at the shoreline profile, and at 10 μm at the landward profiles. A 
dominant enaulic c/f-related distribution pattern was observed at the upper horizons (varying between and within horizons 
from open to single spaced), and a porphyric c/f-related distribution was found in lower horizons and in Ap. Porosity ranged 
Proceedings of the 14th International Working Meeting on Soil Micromorphology. Lleida 8-14 July 2012 
 
70 
 
from 10 to 35%, increasing in subsurface horizons. Apart from the biological remains mentioned in section 3.3 (some of them 
calcitizied), the coarse fraction of the groundmass predominantly consisted of two families (fine and very fine sand-sized; 
coarse and medium sand-sized) of subangular quartz grains, subrounded quartzite and carbonate fragments (limestone and 
perhaps dolostone), and, to a lesser extent, schist fragments and resistant minerals such as muscovite, biotite, and feldspars. 
Tissue residues (2-5%) in different degrees of decomposition were found in all horizons, and root residues in surface horizons 
only. 
The micromass had typical peloidal morphology (Platt 1989, Freytet and Verrechia 2002), more frequently in upper 
horizons. Micritic peloids were 0.05-0.1 mm in diameter and occurred either as isolated or coalescent peds, which gradually 
changed into blocky structure. The micromass was brown to dark brown, and, less frequently, yellowish brown. Locally, grey 
areas of the micromass were found to be related to different (finer) crystal size. Typic and nucleic carbonate nodules formed 
in the LH groundmass at the landward playa profile. 
Pedofeatures reflected pedogenesis were mainly related to bioturbation, carbonates and gypsum accumulation, and 
redox changes due to the fluctuating groundwater and flooding conditions. Bioturbations included passage features with 
crescent internal fabric, chambers and channels, loose continuous and discontinuous microgranular infillings. Random 
crystals intergrowths included lenticular gypsum in Ag horizon near the shore, and dolomite and calcite crystals in most 
horizons in agreement with the calcite (18-39%) and dolomite (3-28%) content of the ≤ 2 mm fraction (Romeo-Gamarra et al., 
2011). Carbonate recrystallizations included microsparite and sparite areas with diffuse and sharp borders with the micritic 
groundmass, and microsparitic calcite pseudomorphs after gypsum (Fig. 11C, Mees et al. 2012, Fig. 11, pp. 210, Poch et al. 
2010). Some channels of subsurface horizons exhibited in thin sections a grey micrite hypocoating visible in the field. 
Carbonate coatings, some of them with sequential aggradation and dark rims, were common in the gravel-sized fragments of 
Ap horizon, probably reworked by plowing. Impregnative redoximorphic features such as Fe-Mn oxide hypocoatings with 
associated coatings were found in aggregate faces along voids of some LH indicating consecutive oxidation and reduction 
conditions related to rapid fluctuations of water table (Lindbo et al. 2010). Fe-Mn enrichment of organic remains (brown tissue 
residues), and aggregate nodules were also observed. 
 
4. Conclusions 
The present study highlights the occurrence of lacustrine material up to 3.35 m above the current lake bed at the 
southern margin of Gallocanta Lake. High carbonate content, biological remains and bioturbation were common features of 
the lacustrine horizons indicating a correlatable depositional environment. Micromorphological analysis allowed the 
identification of common pedogenetic processes occurring under water table fluctuations. Further analysis of lateral and 
vertical variations in chemical, textural, and micromorphological soil features can help to understand how soils form in relation 
with geomorphic units, and can be used in making land use decisions. 
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